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Abstract 
This study investigated the effects of peer scaffolding in inquiry-based games on the tendency to engage in double-loop learning 
and performance in integrated science process skills. Double-loop learning involves deep levels of engagement and exploration 
was hypothesized to enhance integrated science process skills among the players. Also, peer scaffolding was hypothesized to 
promote double-loop learning. A physics-based video game was chosen and a quasi-experimental study involving two intact fifth 
grade classes was employed. The findings showed that peer scaffolding significantly increased the engagement in double-loop 
learning and significantly improved performance in integrated science process skills.  
© 2012 Published by Elsevier Ltd. Selection and peer review under the responsibility of Prof. Dr. Ferhan Odabaşı 
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1. Introduction 
An important component of learning science is mastering science process skills (Martin et al, 2004; Mei et al., 
2007). Padilla (1990) defines science process skills as “a set of broadly transferable abilities, appropriate to many 
science disciplines and reflective of the behavior of scientists”. Process skills are defined at two levels: basic skills 
that comprise observation, communication, classification, measuring using numbers, inference, prediction, using 
space and time relationship and integrated skills that include interpreting data, controlling variables, defining 
operationally, formulating hypothesis and experimenting. The teaching of these skills is founded on the 
interpretation of the Piagetian theory (Adey & Harlen, 1986) and employs the concepts of assimilation, 
accommodation and schemata construction. Basic process skills are connected to assimilation where an event or 
object fits into an existing scheme, while integrated process skills are related to accommodation in which the 
existing scheme needs to be modified or recreated in order to account for the object or event. Based on Piaget’s 
stages of cognitive development, basic skills can be fostered in the early stages of cognitive development, while 
integrated skills must be introduced in the stage of formal operational development (King, 2011). Therefore, the 
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critical age to teach integrated process skills is around 11 years old, when the ability of higher order thinking begins 
to emerge. 
In Malaysia these skills are incorporated into both the primary and secondary school curricula (Lan et al., 2007) 
and students are exposed to various aspects of science and inquiry-based learning in the classroom and the science 
laboratories. However, follow-up studies in Malaysia and some other developing countries consistently reveal low 
performance in tasks that require integrated science process skills (Gonzales et al., 2004, 2009; Martin et al, 2004). 
These findings indicate the need to improve the teaching and learning of integrated process skills.  
2. Problem-based gaming 
Lawson (1995) proposes the use of the teacher-led learning cycle method to teach scientific thinking. Students 
begin by exploring a new phenomenon to create disequilibria in their schema, and while the students are in a 
cognitively conflicted state, the teacher offers tentative answers or procedures that students improve on by 
generating and testing alternative solutions or new arguments to reestablish equilibrium. Collins and Stevens (1983) 
offer a set of teacher-led inquiry-based learning strategies to force students into deep thinking and continuous review 
of their knowledge and beliefs when learning science. These models and many others like them are founded on the 
belief that scientific thinking skills are better taught by an expert and in a formal setting instead of acquired 
independently at home. However, Padilla (1990) clarifies that science process skills cannot be developed by students 
unless through inquiry in different contexts and content areas. Though, all aspects of inquiry — from posing a 
question to designing an investigation and experimenting — are difficult for students and schools to conduct 
because of practical and logistical constraints such as the lack of laboratory facilities and supplies to adopt inquiry 
approaches (Honey & Hilton, 2011).Computer games provide an opportunity to achieve student-centered inquiry-
based learning with overcoming curricular and logistical obstacles (Honey & Hilton, 2011). Complex inquiry-based 
computer games provide a new method to acquire knowledge and skills in a constructivist manner in which players 
can examine their ideas and receive feedback on their hypotheses and strategies (Jong et al., 2010). A number of 
studies have shown that computer games enhance children’s cognitive development (Buchanan, 2003; Plowman, 
2005) and in particular improve their higher-order cognitive processes (Pillay, 2003; Ko, 2003). Thus, the US 
Committee on Science Learning of the National Research Council (2011) acknowledged digital games as a worthy 
resource that deserves future investment and investigation to improve science process skills (Honey & Hilton, 
2011). Kiili (2007) proposes the problem-based gaming model (PBG) to illustrate the learning mechanisms involved 
in playing inquiry-based games. In PBG, learning occurs in the game world as a cyclical process of direct 
experience. The model suggests that the games can be played at the surface level through single-loop learning (SLL) 
or at the deeper level of exploration and engagement through double-loop learning (DLL), with an important 
conjunction of reflection. In this study, the PBG model is modified to reintegrate the pedagogical elements 
suggested by Piaget (i.e., assimilation, accommodation, and schema construction) and Vygotsky (i.e., peer 
scaffolding) to better explain and illustrate the mechanisms of cognitive engagement in playing complex games 
(Figure 1.1).  
In the modified PBG model, the player starts with exploring the challenge with an early set of playing strategies 
through a simple active experiment or trials. Based on the results of the initial strategies the player performs an 
assessment or reflection and modifies his schema through assimilation. In this way, the player can use the science 
process skills that he/she already possesses to conquer the obstacles or challenges in the game and to form an early 
schema for his/her knowledge about the game. The feedback and reflection processes determine the modification of 
the schemata and consequently the player’s behavior. The reflection stage enables the player to decide whether to 
continue the earlier scheme at the SLL level or to construct a new scheme through accommodation by changing the 
strategies and move into the DLL level (Kiili, 2007).  















Figure 1. Modified PBG model (from Kiili, 2007) 
 
3. Peer scaffolding and Double Loop Learning in PBG 
Peer scaffolding has been shown to enhance classroom learning. The term of “peer scaffolding” was introduced 
by Wood et al. (1976) to describe the learning scenario in which a peer assists another learner to complete a task or 
solve a problem that was unable to be accomplished alone. In instructional studies, peer scaffolding has been shown 
to be a catalyst for driving deep processing (Wertsch & Resnick, 1991, Jeris, 1997). In the socio-cultural approach 
of cognitive development suggested by Vygotsky (1989), interacting with others enables more efficient knowledge 
construction by the learners (Shen & O’Neil, 2008). Whitton (2009) argues that playing in pairs fosters peer learning 
and promotes better understanding of the game’s interface. In addition, Schrier (2007) reported that playing in pairs 
facilitates social interaction, information exchange, debate, discussion and sharing many resources among students. 
Natriello & McDill (1986) also reported that peers influence educational expectations of individuals of the group. 
Kiili (2005) postulated higher frequencies for reflection among members of groups or pairs. Thus, playing with 
peers has the potential to facilitate deep or double-loop learning. 
Currently no study has investigated whether students engaged in PBG with scaffolding in games of various 
levels of difficulty are more likely to engage in DLL and subsequently enhance their integrated skills better than 
students in PBG without scaffolding. Thus, following Wertsch & Resnick (1991) and Jeris (1997) it was 
hypothesized that students in PBG with peer scaffolding would perform more DLL cycles and deeper reflection as 
they advance through the various levels of the game and in turn improve their performance in integrated science 
process skills while students in PBG without scaffolding would perform more SLL and score lower in integrated 
science process skills. Also, following research of Rebetez et al. (2005), Schrier (2007), Kiili (2007) and Payne 
(2010), we hypothesized that the DLL users in both peer scaffolding and individual groups would perform better in 
integrated science process skills than the SLL users.  
4. Method 
A quasi-experimental study involving two intact classes was employed. The sample comprised 60 male and 
female fifth grade pupils. One class was assigned to play the game individually and the other in pairs, with pupils 
having the choice of partner. Intact classes and voluntary pairing were maintained to retain the normal functioning 
of classes and prevent inadvertent introduction of other variables that could confound the outcomes of the treatment. 
A verification of the students’ achievement in science revealed significant differences between the classes. Thus, the 
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scaffolding, and the learner’s intensity of reflection, levels of engagement in the game in the form of SLL and DLL, 
and performance in integrated science process skills were the dependent variables.  
The instruments consisted of the Ohio achievement assessments of science (2007) for grade 5 for evaluating 
student performance in integrated process skills, a game-playing log to record reward points for each level, and a 
reflection questionnaire. The Ohio test had a reported reliability index of α = 0.86 (AIR Technical Team, 2008). 
Some articles in a few items such as types of animals and plants were changed to fit the Malaysian context with the 
assistance of a science teacher. The students were required to complete 35 levels of a physics-based game called 
Crazy Machines Elements without the teacher imposing on how deeply each level was to be completed. 12 of the 
levels required SLL processing while 23 levels required DLL processing with a total of 229 nuts or reward points to 
be collected. These levels were independent of each other, so students could complete each of them in full or 
partially before moving on to any of the next levels. As they played the game, the students were required to log their 
reward points collected for each level in the form provided (Game-playing Log). Reward points of 175 or lower 
would indicate an overall SLL level of processing while scores of over 175 would indicate DLL level of processing. 
The reflection questionnaire consisted of Likert-scale response items for the pupils to report on the intensity of 
reflection while engaging in the game and had a reliability of α = 0.71. The students were also given all the time 
they needed to play the game and completed the required levels in 10.5 hours. The level of significance was set at p 
= 0.05. 
5. Results and discussion 
5.1. ANCOVA was employed to test the effects of the treatment on performance in integrated science process skills 
and ANOVA tests were employed to test the effects of the treatment on the reward points earned and reflection. A set 
of primary analyses was carried out to check the assumptions of ANOVA and ANCOVA, namely, normality, 
linearity, homogeneity of regression slopes and independence of covariate and treatment, and all these assumptions 
were met.Performance by treatment 
Table 1 presents the mean scores, standard deviations, and results of the tests for hypotheses 1, 2, and 3 concerning 
reward points earned, reflection and integrated science process skills by treatment groups. 
 
Table 1. Mean scores, standard deviations and p values for reward points, reflection and integrated process skills by treatment 
 
 Reward points  Reflection  Integrated science process skills 
Treatment N M SD ANOVA  N M SD ANOVA  N M SD ANCOVA 
Peer scaffolding 34 187.26 15.89  F(1,59) = 4.078 
p = .048 
 31 32.23 2.46 F(1,56) =5.593 
p = .022 
 34 15.09 3.93 F(1,59) = 1.318 
p = .256 Individual 26 178.58 17.30  26 30.35 3.52  26 16.65 4.19 
 
Hypothesis 1: Students in the peer scaffolding group will report significantly higher engagement in DLL 
compared to students in the individual group. The One-way ANOVA test reported F(1, 59) = 4.078 at p = .048. As p 
< 0.05, the hypothesis was accepted. Both groups reported means greater than 175, indicating that both groups were 
engaged at the DLL level of processing but the peer scaffolding group reported significantly higher means in DLL. 
This finding is consistent with previous research that reports that peer scaffolding enhances deep processing 
(Wertsch & Resnick, 1991) and better understanding of the game’s interface (Whitton, 2009). The finding of this 
study shows that peer scaffolding in PBG enhances double-loop learning.  
 
Hypothesis 2: Students in the peer scaffolding group will report significantly higher reflection scores compared 
to students in the individual group. The ANOVA test results shown in Table 1 reports F(1, 56) = 5.593 at p = .022. 
As p < 0.05, the hypothesis was accepted. This finding is in good agreement with other studies. Schrier (2007) 
reported that playing in pairs or groups encourages the players to reflect deeply on the information gathered during 
the game and the content of the game is understood better. Also, Payne (2010) reported that children in cooperative 
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learning groups reflect better on what they did. The finding of this study confirms the positive effect of peer 
scaffolding on reflection among the players. 
 
Hypothesis 3: Students in the peer scaffolding group will report significantly better performance in integrated 
science process skills compared to students in the individual group. The results of the ANCOVA test revealed that 
F(1, 59) = 1.318 at p = .256 (Table 1). As p > 0.05, the hypothesis was rejected indicating that there was no 
significant difference between the peer scaffolding and the individual groups on performance in integrated science 
process skills. This finding was obtained because the duration for this variable to take effect was too short, i.e. only 
10.5 hours. A longer time would undoubtedly produce different results.   
5.2. Performance by levels of engagement 
Hypothesis 4: For both the peer scaffolding and individual groups, DLL users will perform significantly better than 
SLL users in integrated process skills. A further analysis was conducted to investigate the effects of engaging in 
SLL and DLL on the integrated science process skills scores. The data was split by treatment groups and the reward 
point scores were recoded into SLL or DLL levels of engagement. Table 2 shows the mean scores, standard 
deviations, and results of ANCOVA for integrated process skills by the levels of engagement in the game for both 
the peer scaffolding and individual groups. The data demonstrate that more students were engaged in DLL in the 
peer scaffolding group (79.4%) than in the individual group (65.4%). The performance in integrated skills between 
students employing DLL and SLL was also different for each group. For the peer scaffolding group, students 
engaged in DLL reported a significantly higher mean in integrated process skills than their counterparts engaged in 
SLL (F(1, 33) = 8.698 at p = .006) but for the individual group there was no significant difference between those 
engaging in DLL and SLL (F(1, 25) = 1.229 at p = .279). These results can be explained from the view that peer 
scaffolding increases the likelihood of engaging in DLL also results in deeper reflection and processing when 
engaging in the tasks. Students in the individual group who were engaged in DLL did not process deep enough to 
differentiate them from students in SLL. These findings are consistent with Wertsch (1991), Jeris (1997), and 
Rebetez, et al. who reported that peer scaffolding fosters deeper levels of cognitive processing. These findings show 
that that peer scaffolding fosters deeper engagement in DLL and as a result improved student performance in the 
integrated science process skills.  
 
Table 2. Mean Scores, standard deviations and p values on integrated skills for two groups by level of engagement in DLL and SLL 
 
 Integrated skills for peer scaffolding group  Integrated skills for individual group 
Level N M SD ANCOVA  N M SD ANCOVA 
DLL  27 16.07 3.38 F(1,33) =8.698 
p = .006 
 17 17.53 3.61 F(1,25) =1.229 
p = .279 SLL 7 11.29 3.77  9 15.00 4.92 
 
6. Conclusion 
The study found that in the modified PBG model, peer scaffolding increases the likelihood of engaging in double-
loop learning and enhances deeper reflection and processing that in turn improves performance in integrated science 
process skills. From these findings it can also be concluded that the modified PBG model is a suitable framework to 
explain the processes of learning involving student-centered inquiry-based learning through complex video games. 
However, this study was conducted using a very small sample, thus caution is in order in generalizing the findings 
and more studies are recommended.  
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